The increase in the use of methyl bromide in the present war for its fire-extinguishing properties has made the problem of poisoning by this chemical of interest in the Services.
Physical Properties and Uses of Methyl Bromide
Methyl bromide is a gas at ordinary temperatures. It is readily liquefied at 00 C. to a clear, colourless and extremely volatile liquid, boiling at 4.50 C. (40.10 F.) . It has a melting point of -93°C. When diluted, the gas is almost odourless, but in higher concentrations it has a musty, acrid smell. In cases of poisoning in man a sweetish odour in the breath has sometimes been noticed; where death has occurred the same odour has been noticed in the internal organs at autopsy.
Methyl bromide is used in the chemical industry as a methylating agent. It is also used for refrigeration purposes, as a fumigant in the control of rodents and fleas and in the disinfestation of stored grains and foodstuffs. The quantity used for fumigating food is so small, however, that poisoning from swallowing the vapour is very unlikely to occur. As a fire-extinguisher, methyl bromide acts by reason of its great density, being about three times as heavy as air; a blanket of vapour forms over the fire, and oxygen is thereby excluded. One pound of the liquid will generate 3-7 cu. ft. of the gas at N.T.P. The vapour has no action on mustard gas detector paint, and the Service respirator affords but little protection although in an emergency it may be used for a period of not more than five minutes. It must be remembered, however, that in dealing with a fierce fire which is incompletely extinguished by methyl bromide, thermal decomposition products (particularly bromine)'may be liberated. These, by their smell, would give warning to unprotected personnel, but a false sense of security might be induced in those wearing respirators, resulting in inhalation of the almost odourless methyl bromide.
Occurrence of Poisoning Toxicity Methyl bromide is more toxic than ethyl bromide and both are more toxic than methyl and ethyl chloride. Delayed action, which is common to the whole group, is most marked with methyl bromide.
Information concerning the concentration of methyl bromide at which toxic symptoms occur in man is scanty. The figures are also liable to be misleading, owing to the density of the gas, which results in its sinking to the lowest level of a compartment. Factors such as ventilation and the breathing-level of those exposed to the poison may result in different amounts of the gas being absorbed by persons in the same affected compartment. The following facts, however, have been gathered from the literature, and it will be seen that similar orders of concentration have approximately the same toxicity in both animals and man.
Effects on Animals (Rats). (1) Miller and Haggard (1943) have propounded an ingenious theory suggesting that 'intra-cellular bromism' is the cause of the toxicity. It is known that bromine ions do not pass readily through a cell membrane, whereas methyl bromide molecules do. The theory is that though some methyl bromide is hydrolysed in the extra-cellular fluid, some of the compound undergoes this process in the cells of the C.N.S., with the result that bromine ions are trapped in the nerve cells. It is supposed that symptoms caused by such intra-cellular bromism would differ from those which follow an overdose of such a salt as sodium bromide. This theory, however, does not explain why the symptoms of methyl chloride intoxication (which cannot be explained on the intra-cellular bromine hypothesis) should be so similar to those of methyl bromide.
Those who ascribe the toxicity of methyl bromide to the 'methyl' radicle point out certain similarities between methyl bromide and methyl alcohol poisoning. The only common feature worth considering in this connection is that in a very few cases scotomata and even amblyopia have been reported after exposure to methyl bromide; where these have occurred the similarity to the blindness resulting from methyl alcoholism has been seized upon. If the toxicity of methyl bromide were in fact due to methyl alcohol, one would expect amblyopia to be a frequent finding, yet there has been no suggestion of it in any of the cases which have come to our notice. Moreover, fits which are highly characteristic of methyl bromide, do not occur after methyl alcohol poisoning; neither is there any resemblance between methyl bromide poisoning and that which results from the oxidation products of methyl alcohol-formic acid and formaldehyde.
The fourth point suggests that methyl bromide has no cumulative action and that acquired sensitivity to it is unlikely.
From the above observations it will be seen that the problem of methyl bromide poisoning remains unsolved, but it appears likely that some decomposition product (at present unknown) is the responsible factor.
Present Series of Cases Four officers, three males and one female, were accidentally exposed to an unknown concentration of the vapour of methyl bromide for varying lengths of time, as a result of the leakage of the fire-fighting apparatus in one of H.M. ships.
In the craft in which the accident happened the cylinders of methyl bromide are placed in one part of the ship and each is connected by piping to the compartments in which a fire might occur. The cylinders have the usual collar and screw connection to be found in the normal commercial gas cylinders but they have no stop-cocks, the gas being contained by a metal diaphragm which is seated behind the collar-nut. Inside the first part of the pipe to which these cylinders are attached is a metal pin worked by an external lever; when the latter is moved the pin ascends, perforates the diaphragm, and releases the gas into the system. The incident in question was due to the accidental movement of one of these levers, which allowed the gas to escape into a compartment beside the wardroom. From there it leaked into the wardroom causing the effects described below.
At 20.15 on January 8th, 1944, two officers A and B, both aged 20 years, were admitted to hospital after an urgent ambulance call. A was unconscious and having violent fits. B was conscious, and although somewhat drowsy was able to give the following history. He and the other officer, on turning out on deck after breakfast, both thought they had influenza. They were working together all the forenoon and going into the wardroom before lunch, at about midday, felt quite well. They lunched at 13.00, and enjoyed it, with the exception of some onions, which they said they thought tasted queer. After lunch, a third officer, C, came into the wardroom with a female officer, D, and they all four had coffee there. difficult to feel. Oedema of the lungs supervened and it was apparent that the heart was failing. Death finally took place at 11.25/9. Autopsy. Performed 10.30 on January 10th (about 24 hours after death). The body was that of a wellnourished male of about 20 years of age. No signs of external injury. There was marked post-mortem lividity. The conjunctivae were inflamed and there were peri-orbital ecchymoses present on each side. Tongue furred. Throat normal. No abnormal odour noted on section of the cadaver. The trachea contained much blood-stained mucus and there was three-quarters of a pint of blood-stained fluid in each pleural cavity. The lungs were very oedematous and much bloodstained fluid could be expressed from the smaller bronchi. No evidence of consolidation and the lungs contained air. Sub-pleural haemorrhages were marked, coalescing at the bases to form purpuric sheets. Localized emphysema was present along the anterior margin of the left lung. Bronchial glands normal. The heart was normal except for right-sided dilatation, the tricuspid valve admitting the tips of four fingers. No sub-pericardial haemorrhages. The liver, spleen and kidneys appeared normal. The brain showed marked congestion with numerous haemorrhages scattered throughout the brain, particularly on the right side. Portions of brain, heart, lungs, liver, kidneys and spleen were removed for pathological examination and later were reported on as follows Kidney: Glomeruli show dilatation of the capillary loops. All tubules show degenerative changes but these are most severe in the convoluted tubules in which they have gone on to virtual necrosis. The interstitial tissue shows marked vascular congestion. A part of the above changes is due to autolysis but in addition there is a severe degree of toxic damage. Liver: shows congestion, cloudy swelling and slight fatty change. 9-2 mg.
9-2 mg.
2-3 mg.
8-3 mg.
6-9 mg.
0 0 mg. 6-9 mg.
08 mg. 00 mg.
From the above it will be noted: (1) That the severity of the symptoms in cases A, B and C was roughly paralleled by the blood bromide levels; (2) that there was only a difference of 2f3 mg. per cent. and 1-4 mg. per cent. respectively between case A and B, who died, and case C who survived; (3) that in the survivors the blood bromide level took more than 12 days to reach a normal level.
Further research is necessary before it is known whether any of the above findings are significant, because: (1) the readings as a whole are very low; (2) the normal blood bromide figure is up to 1-5 mg. per cent.; (3) the rate of excretion of inorganic bromide at low levels has been found to be very slow in cases of potassium bromide poisoning; (4) in case D there was no parallelism between the blood bromide level and the severity of the symptoms.
This raises the question of individual susceptibility to methyl bromide. Striking examples are often referred to in the literature where two people have apparently been exposed to similar poisonous concentrations of the vapour, one succumbing and the other showing no symptoms. As has already been mentioned, there is great difficulty in assessing the actual concentration to which any given individuial has in fact been exposed. Neverthele'ss, in case D it must either be assumed that a raised blood bromide level was of no significance or that she possessed a degree of tolerance which was not present in the three male cases. * Determined by the processes of Dudley et al. (1940) and confirmed by the method of Friedman (1942) . The references show that the analysis determines the level of the non-volatile bromide in the fluids concerned and not, as was first thought, the actual methyl bromide content.
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Pathological Findings. The post-mortemexamination in case A shows similar findings to those elsewhere in the literature. It is of interest that albuminuria was not present in view of the degenerative changes noted in the kidneys. Glaser states that albuminuria is usual, but it has not been described in any of the cases in the literature to which we have been able to refer. A cerebro-spinal fluid examination was not done in any of our cases, but in other series it has been shown to be normal.
Treatment. No effective treatment has yet been discovered when fits supervene, although in the literature morphia, oxygen, artificial respiration, lumbar puncture, venesection and adrenalin are all mentioned. Although continuous oxygen and chloroform was not successful in either of the fatal cases described in this paper, yet in case A it appeared definitely to prolong life, and it would appear rational to persevere with this treatment continuously up to a period of 24 hours or more if necessary. Chloroform can be given without any exceptional risk to the liver. Statements in the early literature inferring that methyl bromide is a liver poison are probably due to the fact that there was associated carbon tetrachloride poisoning. The post-mortem report in case A of our series showed minimal liver damage only.
Mild cases of methyl bromide poisoning need no special treatment other than fresh air and rest in bed, for at least 48 hours; a period of at least 2 or 3 weeks convalescence is, however, essential, in view of the frequency with which depression, irritability and other anxiety symptoms may occur.
The moderately severe case of methyl bromide poisoning presents the most difficult problem, as there is always the possibility for 48 hours that fits may occur. On the assumption that it is the ' methyl ' radicle which is responsible for the delayed poisoning effects, substitution therapy with methyl alcohol was suggested, though it has now been worked out that the amount of alcohol required to dissolve the methyl bromide would kill the man.
Skin lesions resulting from liquid methyl bromide heal readily; chlorbutal ointment has been used with good effect to relieve pain. As almost all recorded cases of methyl bromide poisoning, both before and during this war, have been due to accidental escape of vapour and not as a result of actual fire-fighting, the most hopeful line of treatment lies in prevention, with better supervision of fire-fighting apparatus, and familiarization of personnel with the symptoms of the poison. Further research to produce a less toxic and equally efficient substitute is also indicated. Alternatively, a substance with a warning smell might be put into existing stocks of methyl bromide, though if this were done it would seem advisable to give the product a completely different name, so that no misunderstanding could arise in ships already supplied with the odourless gas. Personnel would also have to be informed that in respirators the warning smell would probably not be noticed.
Summary
Four cases of methyl bromide poisoning have been described. They occurred as a result of leakage of the fire-fighting apparatus in one of H.M. ships.
